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I. INTRODUCTION 
Our studies on the reaction of living systems to artificial atmos- 
pheres were stimulated by questions concerning the role of the inert gas 
component: 
in the breathing atmosphere had any adverse physiological effects. 
free atmospheres capable of supporting life can be established in at least 
two ways: (1) by substitution of oxygen for the inert gas, i.e., creating 
100% 0, or hyperoxic atmospheres; and (2) substitution of another inert gas 
for the nitrogen, for example, creating helium-oxygen atmospheres. We have 
pursued both these avenues through a number of related subprojects. 
previous reports we are summarizing our findings under the several sub- 
project headings. Subprojects 1 to 3 are concerned with hyperoxic atmos- 
pheres (i.e., oxygen toxicity), and subprojects 4 to 7 are concerned with 
79% He - 21% 0, environments. 
specifically, whether prolonged decrease or absence of nitrogen 
Nitrogen- 
As in 
11. SUBPROJECT SUMMARIES 
1. Intermittent Exposure of Mice to Hyperoxic Atmospheres 
In past reports, we showed that mice could survive the toxic effects 
of one atmosphere of 0, for prolonged periods if their exposure was regularly 
interrupted by a period of air breathing. The actual proportion of time in 
air to time in 100% O2 turned out to be about 1:2, regardless of whether the 
exposure cycle was calculated in parts of one day or multiples of days. 
Thus, whereas continuous exposure to 100% 0, at one atmosphere killed 50% of 
the mice in 5-6 days (LTSo), there were no deaths in trials lasting 16-20 
days if the exposure cycle was 16 hours in 02--8 hours in air, or two days 
in 02--one day in air. Shorter intervals in air changed the rate of mortality 
but did not prevent it; for example , four hours out of 24 in air moved the 
LT,o up to 16 days.’ 
The question we next addressed ourselves to was whether the benefit 
of the period in air lay simply in that the 0, tension in the respired at- 
mosphere was decreased to normal levels or whether the N2 in the air played 
some specific protective role. To test this, one group of mice was exposed 
to 100% 0, at one atmosphere in an altitude chamber. For four hours out of 
each 24, the pressure w a s  reduced to 200 mm Hg, but still 100% 02. 
eously, another group of mice was exposed to 100% O2 at one atmosphere in 
the plastic isolators we use for  most of our gaseous environment studies. 
For four out of every 24 hours, half of the mice in the isolator were moved 
out into room air; the remaining half stayed continuously in 100% 02. 
a control group was observed in room air continuously. As an additional 
precaution to reduce extraneous variables, the movement of the mice in and 
out of the 100% 0, isolator was designed to approximate that experienced by 
the mice in the altitude chamber; that is, the flush of O2 or air in the gas 
Simultan- 
Finally, 
lock was regulated to 
which occurred during 
simulate the time-concentration changes in O2 tension 
the ascent to or descent from 200 mm Hg. 
1 
Y 
The r e s u l t s  of t h i s  study (done i n  d u p l i c a t e )  a r e  shown i n  Table 
I. 
groups, whether i n  t h e  a l t i t u d e  chamber o r  i n  t h e  i s o l a t o r .  
ments extended the  LT50 from the  f ive  days produced by continuous exposure 
t o  16 days or b e t t e r .  I n  add i t ion ,  weight changes were similar i n  t h e  two 
i n t e r r u p t e d  groups. 
t e c t i o n  a f forded  aga ins t  oxygen t o x i c i t y  by i n t e r r u p t i n g  an exposure i n  
100% 0, with  per iods  of air  brea th ing  i s  due s o l e l y  t o  t h e  reduced oxygen 
t e n s i o n  i n  t h e  r e s p i r e d  atmosphere, 
C lea r ly ,  s u r v i v a l  t imes a r e  e s s e n t i a l l y  the  same f o r  t he  two i n t e r r u p t e d  
Both t r e a t -  
It seems safe  t o  conclude, t h e r e f o r e ,  t h a t  t h e  pro- 
? 
2. Reaction of Aves t o  Hyperoxia 
We have noted i n  our previous r e p o r t s  t h e  i n t e r e s t i n g  f a c t  t h a t  
t h e  growing White Leghorn chick i s  markedly r e s i s t a n t  t o  t h e  l e t h a l  e f f e c t s  
u s u a l l y  expected from exposure of  homeotherms t o  100% 0, at  atmospheric 
p re s su re  (OAP). 
i n t ake ,  chicks i n  t h e  age range of 3-7 weeks e x h i b i t  no m o r t a l i t y  o r  even 
Although the re  i s  some depression i n  growth r a t e  and f eed  
morbidi ty  on exposures l a s t i n g  four weeks, t he  longes t  we have attempted so  
far.5,11 
A t  f i r s t ,  we were inc l ined  t o  a t t r i b u t e  t h i s  r e s i s t a n c e  t o  O2 
t o x i c i t y  t o  the  unique anatomy of the  b i r d ' s  r e s p i r a t o r y  system. 
lung,  f o r  example, i s  considered t o  be a semi-r igid s t r u c t u r e ,  wi th  con- 
t inuous  air  c a p i l l a r i e s  r a t h e r  than b l i n d  a lveo l i ,  and wi th  numerous diver-  
t i c u l a  o r  air  sacs  throughout t h e  tho rac i c  and abdominal c a v i t i e s .  Such a 
system might no t  respond t o  hyperoxia wi th  t h e  a t e l e c t a s i s ,  congestion, and 
o the r  pathology t y p i c a l  of t he  mammalian lung. 
w a s  repor ted  t o  be d e f i c i e n t  i n  su r fac t an t ,  thought by some t o  be t h e  major 
s i t e  of a c t i o n  of high oxygen tensions.  
The b i rd ' s  
Fur the r ,  t he  b i r d ' s  lung 
Though t h e  arguments for  an anatomical-surfactant  b a s i s  f o r  t he  
For one, wi th  modified e x t r a c t i o n  procedures,  
b i r d ' s  r e s i s t a n c e  t o  0, t o x i c i t y  appear v a l i d ,  t he re  a r e  reasons f o r  ques- 
t i o n i n g  such a conclusion. 
s u r f a c t a n t  has been demonstrated i n  t he  b i r d ' s  lung. 
have looked f o r  bu t  f a i l e d  t o  f i n d  any change i n  the  quan t i ty  or composition 
of s u r f a c t a n t  i n  lungs of mammals su f fe r ing  from 0, t o x i c i t y .  Third,  t he  
young ra t  a l s o  can l i v e  f o r  weeks i n  O W ,  although the  LT,o f o r  a d u l t s  i s  
between four  and s i x  days. Thus what we have seen i n  the  chick may perhaps 
be nothing more than an example of r e s i s t a n c e  t o  O2 t o x i c i t y  which i s  common 
t o  t h e  young o r  immature of a number of species .  
Secondly, a few workers 
Clear ly ,  t o  f u r t h e r  resolve t h i s  problem, one of t he  f i r s t  ques- 
t i o n s  t o  be answered concerns the s u s c e p t i b i l i t y  of t he  a d u l t  chicken t o  
O A P .  Such t e s t s  a r e  now under way b u t  i n i t i a l l y  requi red  considerably more 
mechanical manipulation than had been est imated.  This  w a s  because the  
i s o l a t o r s  i n  which we have done most of our gaseous environmental work, and 
t h e  devices  i n  which our embryos, ch icks ,  rats, and mice werehe ld  were simply 
no t  designed t o  accept  2-3 kg animals  r equ i r ing  a cage of about 1 x 1 x 2 f e e t  
i n  s i ze .  A s  it i s ,  only one adul t  chicken can be run i n  an i s o l a t o r  a t  a 
t ime,  and accumulation of r e s u l t s  i s  p a i n f u l l y  slow. Too few animals have 
2 
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Table I. Mortality Pattern in Mice Exposed to Various 
Hyperoxic Atmospheres 
Accmulative % mortality (20 animals/group) 
100% O2 at 100% 02 with 100% O2 with 
Days of 1 atm con- 4 hrs/day at 4 hrs/day in Room air 
exposure tinuously Pop of 200 mmFIg room air continuously 
a 
9 
10 
11 
12 
13 
14 
15 
5 
60 
a0 
90 
95 
16 -- 50 40 
\ 
3 
Seen run  so far f o r  d e f i n i t i v e  r e s u l t s ,  b u t  we can say t h a t  some a d u l t  
chickens a l s o  show s u r p r i s i n g  r e s i s t a n c e  t o  t h e  l e t h a l  a c t i o n  of one atmos- I 
phere  of 02, surv iv ing ,  though morbid, f o r  as long as two weeks. 
t h e r e f o r e  s t i l l  be  necessary  t o  u t i l i z e  a t  l e a s t  some aspec t s  of t he  ana- 
tomica l -sur fac tan t  concept t o  f u l l y  exp la in  t h e  b i rds '  behavior  i n  a 
hyperoxic atmosphere, 
It may 
3. Lung Lip ids  i n  Oxygen Toxici ty  
Although t h e r e  i s  much specula t ion  t h a t  s u r f a c t a n t  i s  an important 
s i t e  of a c t i o n  of high oxygen tens ion ,  t h e  r e p o r t s  which have appeared i n  
t h e  l i t e r a t u r e  p re sen t ing  a c t u a l  d a t a  a r e  f e w  i n  number and tend  t o  be con- 
t r a d i c t o r y .  
t i t a t i v e  and con t ro l l ed  methods i n  e x t r a c t i n g  and measuring su r fac t an t s .  
Accordingly,  we have decided t o  inves t iga t e  the  lung l i p i d s  i n  our ch icks  
and ra t s  exposed t o  one atmosphere O, using procedures which appear t o  b e  
reproducib le  and r e l i a b l e .  
P a r t  of t h e  problem may l i e  i n  t h e  d i f f i c u l t y  of applying quan- 
Sur fac t an t  i s  be ing  obtained from t h e  r>t lung by s a l i n e  pe r fus ion  
v i a  t h e  pulmonary a r t e r y .  The lungs and h e a r t  a r e  removed wi th  t h e  major 
pulmonary v e s s e l s  i n t a c t ,  and a c a t h e t e r  i n s e r t e d  through t h e  r i g h t  v e n t r i c l e  
i n t o  t h e  pulmonary a r t e r y .  A known amount of s a l i n e  i s  introduced through 
t h e  c a t h e t e r  a t  a known pressure.  A s  t he  s a l i n e  reaches t h e  c a p i l l a r i e s ,  
it pe r fuses  through t h e  a lveo la r  w a l l ,  out  through the  t r achea .  and i s  
c o l l e c t e d  q u a n t i t a t i v e l y .  This f low of s a l i n e  presumably c a r r i e s  w i t h  it 
a l l  t h e  sa l ine-so luble  l i p i d  l i n i n g  t h e  a l v e o l i .  Exac t ly  how q u a n t i t a t i v e  
t h e  procedure i s  w i l l  be  inves t iga ted  by a s e r i e s  of r epea t  f l u sh ings ,  us ing  
d i f f e r e n t  volumes and pressures  of s a l i n e .  
The s a l i n e  e x t r a c t  i s  then  r e -ex t r ac t ed  wi th  chloroform-methanol 
i n  a separa tory  funnel .  This e x t r a c t  should con ta in  only t h a t  m a t e r i a l  
l i n i n g  the  a l v e o l i  which i s  so luble  both i n  s a l i n e  and i n  chloroform-methanol, 
i .e. ,  s u r f a c t a n t  phospholipid.  The e x t r a c t  i s  then  d r i e d ,  re -d isso lved ,  and 
s p o t t e d  on g l a s s  p l a t e s  coated wi th  s i l i c a  g e l  f o r  t h in - l aye r  chromatography. 
Three primary f r a c t i o n s  have been i d e n t i f i e d :  sphyngomylin, l e c i t h i n ,  and 
cepha l in ,  by comparison wi th  s tandards run simultaneously.  
accomplished by developing t h e  p l a t e s  two hours i n  chloroform-methanol, and 
s p o t s  a r e  i d e n t i f i e d  by iodine spray o r  rhodamine 6-G. 
Separa t ion  i s  
To q u a n t i t a t e  t h e  ind iv idua l  l i p i d s ,  t h e  s i l i c a  g e l  i n  the  a r e a s  
where a l i p i d  spot  has been i d e n t i f i e d  i s  scraped o f f  wi th  a r azo r  b lade  i n t o  
a cen t r i fuge  tube conta in ing  a s u l f u r i c  acid-potassium dichromate so lu t ion .  
The mixture i s  heated allowing t h e  s o l u t i o n  t o  oxid ize  t h e  l i p i d ,  then  it i s  
cen t r i fuged  and t h e  absorbance of t he  supernatant  determined. Standard 
curves have been run  f o r  each l i p i d  wi th  t h i s  system, permi t t ing  the  o p t i c a l  
d e n s i t y  t o  be converted t o  a weight of l i p i d  which can then  be presented  as 
a r a t i o  t o t h e  weight of t i s s u e  from which it was o r i g i n a l l y  obtained. 
4 
This  work i s  be ing  pursued by David L. Beckman, who hopes, among 
o t h e r  t h i n g s ,  t o  u t i l i z e  t h e  technique t o , p r o b e  t h e  mechanism of increased  
r e s i s t a n c e  t o  0, t o x i c i t y  observed i n  young ra ts  and chicks.  
4. F l u i d  Balance of  Rats i n  an He-0, Atmosphere 
Previous work i n  t h i s  l abora to ry  suggested t h a t  rats l i v i n g  i n  an  
atmosphere of 79% He - 21% 0, increased  t h e i r  u r ine  volume and water con- 
swnption.3 Presumably t h i s  i s  an aspec t  of t he  higher  metabolism expected i n  
He, and may t h e r e f o r e  not  be of any s p e c i f i c  phys io logic  importance. 
it could complicate t h e  weight and space requirements i n  He - 0, atmospheres, 
and t h e r e f o r e ,  f u r t h e r  experiments were undertaken t o  def ine  t h e  problem 
mor e q u a n t i t a t i v e l y  . 
per iod  of 24 days. 
e i g h t  i n  air. 
and CO, a t  l e s s  than  0.5%. The following parameters were measured: water 
and food consumption, u r ine  volume and u r i n e  osmalar i ty .  
no s i g n i f i c a n t  changes i n  u r ine  volume o r  water consumption were observed, 
b u t  t h e r e  were s i g n i f i c a n t  increases  i n  food consumption. These inc reases  
a r e  probably caused by increased  metabolism as a r e s u l t  of g r e a t e r  hea t  l o s s  
i n  He-0,. 
crepancy i n  u r ine  volume and water consumption between t h i s  s tudy and 
Ta r s i t ano ' s  work3 may have been the r e s u l t  of d i f f e rences  i n  technique. 
t h e  prev ious  s tudy t h e  p a r m e t e r s  were measured on a group b a s i s ,  whereas i n  
t h e  p re sen t  work measurements were done on ind iv idua l  rats pe rmi t t i ng  a 
more p r e c i s e  s t a t i s t i c a l  comparison. I n  add i t ion ,  i n  t h e  previous s tudy,  
contamination of t h e  u r ine  wi th  feces  and dr inking  water  was poss ib l e ,  b u t  
w a s  e l imina ted  i n  t h e  p re sen t  work wi th  the  a i d  of a new s t y l e  metabolism 
cage. The i s o l a t o r  and metabolism cage se tup  i n  which these  experiments 
were run  a r e  shown i n  Fig.  1. 
However, 
S ix teen  Wistar rats were maintained i n  a c losed  environment f o r  a 
Eight  rats were i n  79% He - 21% O, and t h e  remaining 
Humidity was kept  between 50 and 60%, temperature a t  7O-8O0F, 
I n  two r epea t  t r i a l s  
Analysis  of t h e  experimental  p ro tocols  i n d i c a t e d  t h a t  t he  d is -  
I n  
It  would appear t h a t  no s p e c i a l  precaut ions need be taken wi th  
However, it would be r ega rd  t o  water  s t o r e s  or ur ine  d i sposa l  i n  He-0,. 
w e l l  t o  cons ider  t h a t  bo th  water i n t ake  and ur ine  output  are l i k e l y  t o  be 
h igher  i n  any s i t u a t i o n  where metabolic r a t e  and food in t ake  a r e  e leva ted .  
5. Metabolic Changes Following Transfer  of A n i m a l s  
t o  and from a Helium-Oxygen Environment 
We a r e  most i n t r i g u e d  wi th  some metabolic changes observed i n  ra ts  
and ch icks  which have l i v e d  f o r  a per iod  of time i n  a 7% He-21$ O2 environ- 
ment. On t h e  f i r s t  exposure of such animals t o  a i r ,  oxygen consumption fa l l s  
below t h a t  of c o n t r o l s  maintained i n  a i r ,  suggest ing t h a t  animals l i v i n g  
i n  an  N,-low environment may be unusual ly  s e n s i t i v e  t o  t h e  depressing 
( n a r c o t i z i n g ? )  a c t i o n  of N,. 
a r e  based may be descr ibed  b r i e f l y  as fol lows:  
The experiments on which these  observa t ions  
5 
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The experimentals  cons is ted  of  one-day o l d  ch icks ,  hatched from eggs 
incubated  cont inuously i n  79% He - 21% O2 and 120-gram rats, l i v i n g  for  two 
weeks i n  79% He - 21% 02. 
l i v i n g  i n  air .  
i s o l a t o r s .  
were removed from t h e  i s o l a t o r s  and p laced  i n  a closed-type resp i rometer  i n  
which i n d i v i d u a l  O2 uptakes could be measured n e a r l y  simultaneously.  
resp i rometer  t h e  animals were exposed i n  success ion  t o  t h r e e  atmospheres: 
F i r s t ,  0, uptake w a s  determined i n  the  gas i n  which t h e  animals had come 
from, i.e.,  experimentals  i n  He-02, c o n t r o l s  i n  a i r  ( f o r  t h e  experimentals  
t h e r e  was no in t e rven ing  exposure t o  a i r ) .  
100% 02, and f i n a l l y  t h e  He group was exposed t o  air. 
i n  each gas  w a s  60 minutes f o r  t h e  ch icks  and 30 minutes f o r  t h e  rats. 
This  allowed f o r  f l u s h i n g  and temperature e q u i l i b r a t i o n  between gases.  
a c t u a l  0, uptakes were measured over 15-minute i n t e r v a l s .  
Controls  were equiva len t  animals incubated o r  
I n  any one tes t ,  equa l  numbers of c o n t r o l s  and experimentals  
Both c o n t r o l s  and experimentals were maintained i n  p l a s t i c  
I n  t h e  
Next bo th  groups were t e s t e d  i n  
The exposure i n t e r v a l  
The 
The c l e a r e s t  r e s u l t s  of t h i s  s tudy  have been obta ined  i n  chicks, ;  
as presented  i n  Table I I A .  While metabolic r a t e s  f o r  t h e  c o n t r o l  ch icks  
were r e l a t i v e l y  unaf fec ted  by t h e  t r a n s f e r  from one gas  t o  another ,  t h e  
b a s i c  comparison wi th  which we a r e  concerned i s  between the  experimentals  
and c o n t r o l s  w i t h i n  each gas. 
of t h e  He-raised animals w a s  e leva ted  about 10% i n  t h e  f i r s t  s t e p ,  i . e . ,  
i n  He - 0,. While not s i g n i f i c a n t ,  t h i s  d i f f e rence  i s  be l i eved  t o  r e f l e c t  
an  increased  hea t  conduction i n  He a t  the  t i m e  of t h e  measurements, r a t h e r  
t han  any r e s i d u a l  e f f e c t  of t h e i r  having l i v e d  i n  He-0,. 
i s  supported by t h e  f a c t  t h a t  i n  the second s t e p ,  wi th  both  c o n t r o l s  and ex- 
per imenta ls  i n  100% 02,  metabolism of the He-raised animals i s  e s s e n t i a l l y  
t h e  same as t h a t  of t h e  con t ro l s .  I n  the  l a s t  s t e p ,  where both  c o n t r o l s  
and experimentals  are i n  a i r ,  and i n  which t h e  He-0, animals r ece ived  t h e i r  
f i r s t  exposure t o  N2, t h e  0, uptake of t h e  experimentals  i s  depressed a 
s i g n i f i c a n t  25% below t h a t  of t h e  c o n t r o l s .  
Thus, compared t o  t h e i r  con t ro l s ,  metabolism 
This  conclusion 
The experimental  design used i n  the  ra t  s tudy (Table I I B )  does not  
l e n d  i t s e l f  t o  as d i r e c t  a comparison of t he  e f f e c t s  of a i r  exposure as wi th  
t h e  ch icks ,  because i n  t h e  l a s t  s tep  the  a i r - r a i s e d  animals were t r a n s f e r r e d  
t o  He-02 rather than  a i r .  What i s  brought out  q u i t e  dramat ica l ly ,  however, 
i s  t h e  r a t h e r  immediate na ture  of t h e  s t imu la t ing  e f f e c t  on metabolism of  
exposure t o  He, f o r  0, uptake of the  ra ts  rose about 28% over t h e i r  previous 
l e v e l .  By c o n t r a s t ,  t h e  0, uptake of t h e  He-raised r a t s  f e l l  some 16% i n  
t h i s  s t e p  which marked t h e i r  f i r s t  exposure t o  air. 
I n  e i t h e r  t h e  chick or t h e  ra t  study it i s  d i f f i c u l t  t o  s ee  how 
any mechanical f a c t o r  l i k e  washout of gases  o r  e q u i l i b r a t i o n  of chambers 
could  produce t h e  depress ion  i n  metabolism observed when t h e  He animals 
were t r a n s f e r r e d  t o  a i r .  For the p re sen t ,  t h e r e f o r e ,  we a r e  us ing  as a 
sence of N,) have become sens i t i zed  t o  N,. 
seen on f i r s t  exposure t o  N, might then  be considered similar t o  t h e  n i t rogen  
n a r c o s i s  observed at much higher  p a r t i a l  p ressures  of  N2 i n  animals 
accustomed t o  l i v i n g  i n  a i r .  
working hypothesis  t h e  idea tha t  animals r a i s e d  i n  He-0, ( i . e . ,  i n  t h e  a b  / 
The depression i n  metabolism 
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Table 11. Oxygen Uptakes i n  Animals Raised i n  Air ( c o n t r o l s )  o r  
i n  79% He-21% O2 (experimentals)  and Transfer red  i n  
Succession t o  A i r ,  100% 02, or  79% He-21% O2 
m l  07/min/kg BW 
i n  air  ht i n  atmosphere i n  i n  100% 
0, which r a i s e d  A. Chicks No. 
9 36.7 21.2 (a i r )  21.0 21.4 
9 34.7 23.0 (He-02) 20.9 16.4 
Cont ro ls  
Experimentals 
Pooled S.E. 1.797 2.533 2.612 2.096 
m l  Op/min/kg BW Body Weight i n  atmosphere i n  i n  100% r e v e r s a l  of 
atmospheres i n  
which r a i s e d  
02 which r a i s e d  B. Rats No. (w 1 
Cont ro l  9 236 9 32.1 29.4 37 4 (He- 0, ) 
Experimental  8 222.8 35.0 32.7 27.7 (Air ) 
Pooled S.E. 6.398 2.624 2.572 2.126 
a 
I 
8 
We might note  that t h i s  phenomenon of depression by N2, or  some- 
t h i n g  similar t o  it, was observed before i n  our  l abora to ry  by D r .  Wright, 
and descr ibed  i n  our  l as t  repor t .  
Warburg on homogenates of 8-day embryos incubated i n  He-02, noted t h a t  0, 
uptake was depressed i f  t h e  t i s s u e s  were homogenized i n  a i r  and e l eva ted  
if prepared  i n  an He-02 atmosphere.6y8j10 
Dr. Wright, while  working wi th  t h e  
While t h e  degree of depression does not  appear t o  be s e r i o u s ,  t h e  
For example, it would seem d e s i r a b l e  t o  know how long 
fact  t h a t  it ex is t s  a t  a l l  may be a ma t t e r  of concern enough t o  warrant 
f u r t h e r  explora t ion .  
an  exposure i s  r equ i r ed  i n  a N2-free environment for t h e  air  e f f e c t  t o  be  
manifested;  whether prolonging t h e  s t a y  i n  He-0, i nc reases  t h e  depress ion  
o r  whether it p la t eaus  a t  some poin t ;  how long  t h e  depress ion  las ts  once 
air b rea th ing  has  been resumed, e tc . ,  e t c .  It would a l s o  seem important 
t o  a s c e r t a i n  i f  dep r iva t ion  of N, through use  of a 100% 0, atmosphere might 
l e a d  t o  similar e f f e c t s .  
M r .  Rodney A. Rhoades, a NASA t r a i n e e  and Ph.D. candida te  i n  t h e  
Department of  Physiology, i s  planning t o  p re sen t  t h i s  work a t  t h e  annual 
meeting of t h e  Federa t ion  of American S o c i e t i e s  f o r  Experimental  Biology, 
a t  A t l a n t i c  C i ty ,  A p r i l  9-15, 1965.13 
6. Hatchab i l i t y  and Metabolism of Chick Embryos i n  
79% He-21% 0, 
Continuing e f f o r t s  have been made t o  determine whether t h e  de- 
c reased  number and smaller  s ize  of ch icks  obtained from eggs incubated i n  
He-0, are the  r e s u l t  of a d i r e c t  biochemical e f f e c t  of He on embryogenesis 
or i n d i r e c t l y  t o  hel ium-related changes i n  t h e  phys ics  of  t h e  incubat ion  
environment. To da te  we have completed t e n  t r ia ls ,  wi th  apparent ly  normal 
ha tches  i n  He-02 i n  only  two. A t  t h i s  time it i s  s t i l l  not  poss ib l e  t o  
s i n g l e  ou t  any f a c t o r ( s )  which w o u l d  account f o r  t h e  poor hatches i n  He-0,. 
I 
Afte r  our  f i r s t  few t r i a l s ,  we speculated t h a t  t h e  lower i s o l a t o r  
Both of t hese  e f f e c t s  could 
su r face  temperature and t h e  higher egg wei ht' l o s s e s  we observed i n  He 
might be r e spons ib l e  f o r  t h e  poor hatches.  ,11 
be a r e s u l t  of t h e  higher  h e a t  conduct iv i ty  of He. We have t r i e d  t o  com- 
pensa te  f o r  t h i s  i n  a number of ways, inc luding  i n j e c t i n g  water i n t o  t h e  
i s o l a t o r s ,  p l ac ing  coverings over t h e  i s o l a t o r s ,  reducing f a n  speeds,  e t c .  
I n  ou r  las t  t r i a l ,  we managed, by v i r t u e  of a t h i c k  i n s u l a t i n g  l a y e r  around 
t h e  e n t i r e  i s o l a t o r  and stoppage of almost a l l  l e a k s ,  t o  o b t a i n  a system 
f o r  which su r face  T w a s  a c t u a l l y  higher  i n  He t han  i n  a i r  and egg weight 
l o s s  was w e l l  below poss ib l e  adverse l e v e l s .  Nevertheless ,  t h e  ha tch  i n  
He was s t i l l  about 1/2 t h a t  i n  a i r .  
We are now consider ing t h e  p o s s i b i l i t y  t h a t  our  system may have 
been too  good, t h a t  i s ,  h a t c h a b i l i t y  may have been adverse ly  a f f e c t e d  by 
e i t h e r  t o o  l i t t l e  evaporat ive l o s s  o r  accumulation of  t o x i c  by-products o r  
bo th .  
percentage p o i n t s  higher  i n  He-0, than  i n  a i r  i n  order  t o  maintain the  same 
I n c i d e n t a l l y ,  it was s t i l l  necessary t o  keep r e l a t i v e  humindity 15-20 
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evapora t ive  loss .  Maintenance of r e l a t i v e  humidity and c o n t r o l  of evapora t ive  
l o s s  has  been a c o n s i s t e n t  problem f o r  us  i n  He-02 atmospheres. 
I n  another  s e r i e s  of t r i a l s  we attempted t o  t e s t  t h e  theory  t h a t  
t h e  reason  embryos develop poor ly  i n  He i s  because they  have d i f f i c u l t y  
main ta in ing  a h igher  t han  ambient in t ra -egg  temperature during t h e  las t  
week of incubat ion.  It has been found t h a t  i n  a i r  metabol ic  hea t  i s  not  
conducted away as fas t  as it i s  produced by t h e  embryo as hatching time 
approaches,  and consequently in t ra -egg  temperature r i s e s  above ambient. I n  
t h e  He atmosphere, metabol ic  hea t  presumably i s  conducted away r a p i d l y  and 
i r lba-egg  temperature  would not r ise above ambient. However, a l l  a t tempts  
on our  p a r t  t o  fol low in t ra -egg  temperatures during incubat ion  by  means of 
thermocouples o r  t he rmis to r s  have f a i l e d  t o  show any d i f f e rence  r e l a t e d  t o  
incubat ion  atmosphere. Furthermore, we f a i l e d  t o  produce a normal ba t ch  i n  
a t e s t  i n  which we p rogres s ive ly  e l eva ted  ambient temperature i n  t h e  He 
i s o l a t o r  during t h i s  last  week of development i n  propor t ion  t o  t h e  r i s e  ex- 
pec ted  i n  in t ra -egg  temperature.  
We a r e  p r e s e n t l y  car ry ing  ou t  a t e s t  i n  which groups of eggs are 
be ing  switched back and f o r t h  between t h e  He and a i r  i s o l a t o r s  a t  va r ious  
t imes  during incubat ion.  The hope here  i s  t h a t  we might a t  l e a s t  determine 
more p r e c i s e l y  when t h e  He e f f e c t  t a k e s  p lace .  A t  t h e  same t i m e  we have 
made f u r t h e r  modi f ica t ions  i n  our  system, wi th  the  goa l  of e l imina t ing  from 
t h e  comparison a l l  poss ib l e  f a c t o r s  r e l a t i n g  t o  temperature,  humidity,  and 
contamination. It seems t o  us t h a t  u n t i l  a l l  adverse e f f e c t s  of  He atmos- 
pheres  a r e  explained,  r e g a r d l e s s  of t he  b i o l o g i c a l  system i n  which they  
occur ,  some doubt must remain regarding the  prolonged use of He wi th  man. 
I n  somewhat r e l a t e d  work, w e  a r e  explor ing  t h e  metabolism of av ian  
embryos incubated i n  an He-0, atmosphere and X- i r rad ia ted  i n  t h e  s m e  gas 
without  i n t e rven ing  a i r  exposure. When t h i s  was done previous ly ,  prepara- 
t i o n  and i r r a d i a t i o n  of the  embryos were c a r r i e d  ou t  i n  a i r .  The r e s u l t s  
were equal  depress ion  of metabolism, vhether  embryos were grown i n  a i r  o r  
He-0,. Theore t i ca l ly ,  we might have expected t o  see more of a depress ion  
induced i n  t h e  He group by x-rays because of a smaller  quenching e f f e c t  of 
He compared t o  N2. 
masked by a p r i o r  depression i n  metabolism which occurred when t h e  He in-  
cubated embryos were suddenly exposed t o  air.6,8,1G 
It i s  poss ib le  t h a t  any d i f f e rence  due t o  i n e r t  gas w a s  
P lans  are a l s o  evolving t o  follow c e l l u l a r  metabolism of t he  
developing chick embryo day by day wi th  the  hope t h a t  a c lue  w i l l  be  found 
as t o  why development i n  He-02 sometimes ceases  before  hatch.  The Gilson 
Respirometer was t o  be used f o r  t hese  s t u d i e s ;  however, it was found t h a t  
gases  would d i f f u s e  through the  tygon tubing  used t o  connect t h e  r e a c t i o n  
f l a s k s  t o  the  manometers. This equipment i s  be ing  rep laced  by Gilson f o r  
similar equipment wi th  g l a s s  connections,  s ince  most of our work w i l l  r e -  
q u i r e  t h e  use of oxygen, helium-oxygen, o r  o the r  h ighly  d i f f u s i b l e  gases .  
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7. Heat Loss and Temperature Cont ro l  of  Men i n  an He-02 Atmosphere 
Body hea t  loss may be higher i n  an He atmosphere, not  only because 
of  t h e  6-1/2 f o l d  g r e a t e r  r a t e  of heat  conduction b u t  a l s o  because of a 
fas ter  r a t e  of evaporat ion.  
of c losed  systems and space s u i t s ,  p a r t i c u l a r l y  where the  occupant must 
engage i n  phys i ca l  a c t i v i t y .  
be i n  c o n t r o l l i n g  h e a t  balance i n  man, we have se t  up a l a r g e  p l a s t i c  chamber 
capable  of holding a b i c y c l e  ergometer, and which can  be f i l l e d  wi th  79% 
He-21% 02. 
t h e  chamber, and var ious  measurements, phys i ca l  and phys io log ica l ,  t r a n s -  
m i t t e d  t o  r eco rde r s  on t h e  outs ide.  
c luded i n  our l as t  r e p o r t .  
This  could be  of p r a c t i c a l  value i n  t h e  design 
To e s t a b l i s h  how e f f e c t i v e  such a system might 
Temperature r e l a t i v e  humidity, and C 0 2  can be con t ro l l ed  wi th in  
A photograph of  t h i s  f a c i l i t y  was in -  
To d a t e ,  t h e  t es t s  w e  have made wi th  t h i s  system involve a 75- 
minute exposure t o  an He-0, environment. 
t h r e e  parts: r e s t - -15  minutes; exercise--15 minutes; and recovery--45 minutes.  
I n  t h e  f i r s t  ser ies ,  the  p l a n  wzs t o  hold ambient temperature of t h e  i s o l a t o r  
a t  95°F and t h e  r e l a t i v e  humidity a t  approximately 93%. I n  t h e  second s e r i e s ,  
temperatures  were t o  remain a t  95"F, b u t  r e l a t i v e  humidity between 40 and 
60%. 
temperature of 70°F wi th  a 40-60% range i n  r e l a t i v e  humidity. Parameters 
measured during r e s t ,  e x e r c i s e ,  and recovery a r e :  (1) mean sk in  temperature,  
( 2 )  mean body temperature ,  (3) r e c t a l  temperature ,  ( 4 )  h e a r t  r a t e ,  and (5) 
sweat loss .  I d e n t i c a l  measurements were made on the  same sub jec t s  i n  air  
under t h e  same environmental  condi t ions of temperature and humidity f o r  a 
b a s i s  of comparison. 
t h r e e  sub jec t s .  
The 75 minutes are d iv ided  i n t o  
A t h i r d  s e r i e s  of  runs  (a t  p re sen t ,  i n  p rogres s )  c a l l s  f o r  an i s o l a t o p  
Each s e r i e s  i s  based on dup l i ca t e  runs  made on each of  
The r e s u l t s  of t h e  f i r s t  s e r i e s  of t e s t s  a r e  d i f f i c u l t  t o  eva lua te .  
While t h e r e  were v i r t u a l l y  no d i f f e rences  i n  any of t h e  measurements made 
on t h e  sub jec t s  i n  t h e  two environments, temperature and humidity could not 
be kep t  i d e n t i c a l  i n  t h e  two systems. Re la t ive  humidity w a s  c o n s i s t e n t l y  
about  3% higher  and ambient temperature about .1"F higher  i n  He-02, d e s p i t e  
similar s e t t i n g s  on a l l  con t ro l l i ng  equipment. A t  t h e  e l eva ted  temperatures  
and humidi t ies  of t h i s  f irst  s e r i e s  even inc reases  as small as these  may 
very  w e l l  r e s u l t  i n  considerably g r e a t e r  hea t  stress on t h e  sub jec t s .  It 
i s  of i n t e r e s t  t o  note  t h a t  w e  have experienced similar d i f f i c u l t i e s  i n  the  
c o n t r o l  of r e l a t i v e  humidity i n  egg incubat ion  s t u d i e s  i n  He-0, which a r e  
a l s o  run  a t  e l eva ted  temperatures.  
I n  t h e  second s e r i e s  of t e s t s ,  a l s o  a t  high temperature bu t  wi th  
lower humidi t ies ,  environmental  condi t ions  were b e t t e r  con t ro l l ed  (Fig.  2 ) .  
During the  exe rc i se  p o r t i o n  of  t h i s  t es t ,  mean s k i n  temperature of t he  sub- 
j e c t s  tended t o  be  lower i n  He-02. While t h i s  may suggest some b e n e f i t  i n  
He-02, t he  d i f f e r e n c e s  appear t o  be  t o o  small  t o  be of much p r a c t i c a l  
s ign i f i cance .  Data from the  t h i r d  s e r i e s  of experiments a r e  s t i l l  be ing  
evaluated.  
This  work i s  being conducted by Edward L. Fox who hopes t o  use 
it f o r  a Ph.D. d i s s e r t a t i o n .  
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Fig. 2 - Isolator temperature (IT), and relative humidity (RH), mean skin 
temperature (MST), and mean body temperature (MBT) , versus time 
for three subjects exposed to air (solid line), o r  helium-oxygen 
(dashed line), during 15 minutes of rest, 15 minutes of exercise 
on a bicycle ergometer with a work load of 140 watts,* and 45 
minutes of recovery. 
of six values (three subjects, two trials in air, two trials in 
heliwn-oxygen). 
is in per cent, and time in minutes. 
Each 5-minute p l o t  represents an average 
Temperatures are in degrees F, relative humidity 
"100 watts equals 10.19 KgM/sec equals 0.134 H.P. 
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